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Abstract 
Recently, the pavement maintenance technologies have been fully studied at home and abroad, especially for the asphalt 
pavement. However, there  research on evaluating the different maintenance technologies based on their 
economic and benefit aspects because of the lack of practical applications and actual engineering applications that have 
always been a challenge. Based on the existing engineering economic theory, combining the factors of pavement residual 
value and maintenance input cumulatively, this paper proposes a new economic-benefit index and builds an economy-benefit 
model in accordance with the time increasing benefit and the evaluation of three maintenance treatments. In the end, results 
are presented and discussed in the conclusion. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Chinese Overseas Transportation Association (COTA). 
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1. Introduction
After nearly ten years of rapid development, by the end of 2011, the total mileage of national highway reached 
86000 kilometres, following the United States. But in the future ten years, the period of our country highway will 
translate from the construction period into maintenance period. There are lots of maintenance technologies at 
home and abroad, and how to evaluate the maintenance technologies has become an important issue for highway 
agencies especially for the economic evaluation (Beibei, Chao & Liping, 2010). 
At present, there has been economic evaluation research carried out both at home and abroad for maintenance 
technologies, more representatives Xian Beibei, Zhang Chao (2010) etc. Through the study of benefit 
representation methods and analysis indicators during the analysis process of pavement preventive maintenance, 
their study put forward the preliminary maintenance efficiency standardization and calculation method of benefit 
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index, and analyse the reasonable indicator of preliminary maintenance cost analysis, in order to provide a 
reference for asphalt pavement preventive maintenance cost benefit analysis. However, with the lack of instance 
validation, no contrast result, there is no way to determine its practical. Through the economic benefit and cost 
ratio, economic net present value, economic internal rate of return three index, Zhang Jingwen, Xue Wen (2009) 
etc. construct the new benefit cost model to evaluate the maintenance plan, but this kind of evaluation can only 
evaluate whether the existing road maintenance plan is reasonable, not on a variety of maintenance plans to 
select. Peng Chen, and Zeng Yingkun (2010) discuss the maintenance project economic analysis and evaluation 
from the highway pavement maintenance cost and capital allocation two aspects, and put forward the measures to 
perspective. But the paper only discusses the view, no practical algorithm and index, and the lack of 
practicability. 
To sum up, there are some problems about economic evaluation of pavement maintenance technologies at 
present. Some methods can only evaluate whether the treatments are the optimum one. 
Some methods lack case reasoning, while others are just for the macroscopic narrative, lacking specific algorithm 
and indicators. 
Based on the engineering economic theory such as statistics, probability theory and mathematical method, this 
paper proposes an economic benefit evaluation model, considering factors of highway income, investment and 
time efficiency, and evaluation of the economic performance of the preventive maintenance technologies. A 
highway in Tianjin is studied as an example with Tianjin A line of ten years of economic data. 
2. Asphalt Pavement Preventive Maintenance Techniques 
Many kinds of asphalt pavement preventive maintenance techniques have been applied, and the main 
techniques include: Crack filling, Crack Sealing, Fog Seal, Crushed Stone Seal Coat, Slurry Seal Coat, Micro-
surfacing, Hot asphalt overlay, Milling thermal Shop. And the maintenance efficiency of the road has a close 
relationship with the projects benefits (Jizeng, 2010). In order to make an accurate pavement maintenance 
investment, and ensure the pavement is in a good service before the pavement becomes heavily damaged and lose 
its function, the investment of pavement maintenance have been classified into four classes namely: highway 
function, damage degree, bearing capacity, and surface resistant (Technical code for maintenance, 2001). 
Therefore, each maintenance project will be different in the investments and service life, and resulting different 
maintenance benefits. 
Focusing on the characteristics of the Chinese asphalt pavement and making a comparison of the common 
used maintenance techniques, this paper comes up with a new - , and then proposes 
- evaluation model to select the best model. 
3. R -  Model 
3.1 - ion Model 
- evaluation model is an economic evaluation method based on the theory 
of welfare economics, which converts the effect of economic behaviour into costs and benefits based on the 
- s into account the influence of the time to evaluate 
different maintenance techniques using the mean and standard variance of pavement economic coefficients in 
separated years. 
(1) Net present value 
As this paper the time influence is taken into account in the whole benefits in the model, this paper needs 
convert the costs in each phase into the first year in the cycle. The equation shows as below: 
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P Present value; 
F Final value; 
r The discount rate; 
i Years; 
(2) Residual value  
As the road service life increases due to the maintenance, the expression of residual value is correlated to the 
maintenance methods and investments. The calculation method is shown in Equation 2: 
(1 )
E
NSV c
L
                                                                 2  
SV Residual value; 
N Have used the number of years; 
EL Life/Years; 
c The present value of the initial construction costs; 
(3) Daily maintenance cost 
It is the daily preliminary protection cost which used to maintain the pavement performance over the predicted 
level. The daily maintenance cost has a close relationship with the present pavement condition. The worse the 
pavement is, the higher the costs for maintaining it. The maintenance costs varied with different highway class, 
pavement type, environment condition and the traffic flow (Yuli, 1998, Changheng, Baoban & Xiaoling, 2003). It 
is based on:  
 
Average maintenance unit price = (total maintenance investment/equipment area) ×total maintenance area. 
Using the statistics regression method, Xian Beibei (2010) has obtained the maintenance costs equation in 
Tianjin area, with the historical maintenance records and experience (BoYing, 1992). The specific equation 
shows as below: 
5
100.21 3.875 10 3500 2.788 logMC AADT PCI                       3  
MC Routine maintenance costs; 
PCI Pavement Condition Index; 
AADT Annual Average Daily Traffic; 
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(4) Investment fees of maintenance 
In an investment cycle, the investment costs in maintenance express the total maintenance present value minus 
the residual value in this cycle. This paper can find the relationship as below: 
1
1
1 1
1 1
i
iPW c iM M SVr r
                                     4  
PW The total investment of Maintenance; 
iM The cost of Maintenance at i  time; 
3.2 -  
mic-  
- expressed as the total benefits of the road 
minus total investment then over the year value. The expression is shownbelow: 
0
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                                                   5  
iC - i  year; 
iN i  year; 
ib The total cost at i  year; 
(2) The economic capability of different maintenance technologies  
It is based on the mean and standard variance of pavement economic coefficients of different maintenance 
technologies in separated years to evaluate the maintenance technologies. A higher mean value and lower 
standard variance result in the better maintenance technologies 
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3.3 The hypothesis of the -  model 
The maintenance costs in different phases should be converted into the present value when using the 
economic-benefit evaluation model, and other principles also need following: 
(1) The analysis cycle is ten years: 
(2) 
rate r =0.1; 
(3) All the maintenance action conducted in the beginning of each year; 
(4) The construction of milling and resurfacing does not affect the traffic capacity; 
(5) The cost of construction and service life of each maintenance technologies are shown in Table 1 
Tab.1 China's expressway maintenance program unit cost and life expectancy summary table cited 
Maintenance technologies Price Yuan/m2  Life Years  
Micro-Surfacing,  30 3 
Milling Thermal Shop 
6cm modified asphalt  114 6 
Hot Asphalt Overlay 
3cm modified asphalt  76 5 
4. Case study  
4.1 Economic Analysis of Maintenance technologies on Tianjin A line 
4.1.1 Economic benefit of  A line  
This paper compares with different maintenance programs used to a road in Tianjin beichen Area by 
Economic-benefit, and gets the best maintenance technologies -  
1) Social benefit. Social benefits refer to the contribution to the development of the national economy when 
the line passes through normally. The economic development of Tianjin from 2001 to 2010 is booming; the GDP 
growth rate remained at 10%. The social benefits of A line for the regional growth of the national economy 
cannot be quantified, But we can assume the yield rate of A line as 10%, which means discount rate r =0.1; 
2) Cost benefits unit. Cost benefits unit refers to that all charges are converted to per m2 to calculate, the 
total area of the lines A is 104 square meters; 
3) Operational efficiency. Comprehensive the date of traffic and charges during the operation of A line 
from 2001 to 2010 year, then make the total income of A line, as shown in table 1. 
Tab.2 A line of annual income statement (Translated by unit area) 
Years 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Income/Yuan 116.288 119.525 120.585 121.735 136.015 140.615 142.205 146.143 149.134 153.077 
Present value 116.288 108.659 99.657 91.461 92.900 87.311 80.271 74.994 69.572 64.920 
4.1.2 Analysis of the Maintenance Cost 
During analysis and evaluation of the highway rehabilitation, the costs include: 
1) Overhaul costs. The construction of the road required design documents and specifications shows that 
the form of overhaul on A line is hot asphalt overlay (3 cm modified asphalt); 
2) Medium maintenance cost. The cost is used to restore pavement performance, and get it to reaches a 
predetermined level (BoYing, 1992). The cost of A line shown in table 3, 
cost shown in table 4 and 5; 
Tap.3 Hot asphalt overlay (3cm modified asphalt) the present value of the fee calculation sheet C1  
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Years Investment
Yuan/m2  
Coefficient Present value 
Residual 
value 
1 76+6 1.000 82 82 
2 2 0.909091 1.818 67.418 
3 2 0.826446 1.653 50.853 
4 3 0.751315 2.254 35.054 
5 5 0.683013 3.415 19.815 
6 82 0.620921 50.916 50.916 
7 2 0.564474 1.129 41.862 
8 2 0.513158 1.026 31.576 
9 3 0.466507 1.400 21.766 
10 5 0.424098 2.121 12.304 
 
Tab.4 The micro table at the present value of the cost calculation table C2  
Years Investment
Yuan/m2  
Coefficient Present value 
Residual 
value 
1 30+2 1.000 32 32 
2 3 0.909091 2.727 24.167 
3 5 0.826446 4.132 14.692 
4 32 0.751315 24.042 24.042 
5 3 0.683013 2.049 18.157 
6 5 0.620921 3.105 11.039 
7 32 0.564474 18.063 18.063 
8 3 0.513158 1.539 13.641 
9 5 0.466507 2.333 8.294 
10 32 0.424098 13.571 13.571 
 
Tab.5 Milling thermal Shop (6cm modified asphalt) the present value of the fee calculation sheet C3  
Years Investment
Yuan/m2  
Coefficient Present value 
Residual 
value 
1 114+12 1.000 126 126 
2 0 0.909091 0 105 
3 2 0.826446 1.653 85.653 
4 2 0.751315 1.503 64.503 
5 3 0.683013 2.049 44.049 
6 5 0.620921 3.105 24.105 
7 126 0.564474 71.124 71.124 
8 0 0.513158 0 59.27 
9 2 0.466507 0.933 48.349 
10 2 0.424098 0.848 36.41 
3) Routine maintenance costs. The Pavement Condition Index of A line is 55, take the annual average daily 
traffic (AADT) of A line into the formula (3), the result shown in table 6. 
Tab.6 A line from day-to-day maintenance costs 
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Years 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
AADT 13048 14794 15542 16370 18750 19469 20243 21453 22545 23735
MC 0.882 0.953 0.983 1.017 1.114 1.143 1.174 1.223 1.268 1.316
Present value 0.882 0.866 0.813 0.764 0.761 0.710 0.663 0.628 0.591 0.558
4) The total cost of investment. The total investment of the annual maintenance costs of the A line, by the
formula (4) can be obtained the date in table 7.
Tab.7 Three conservation methods Conservation of the total cost of a year
Years 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
C1 82 83.818 85.471 87.725 91.14 142.056 143.185 144.211 145.611 147.732
C2 32 33.818 36.297 40.054 61.91 63.153 64.846 67.412 82.34 83.188
C3 126 126 127.653 129.156 131.205 134.31 205.434 205.434 206.367 207.215
4.2 The evaluation of Maintenance technologies based on A line
1) The annual - Maintenance technologies for each year
For the three types of maintenance technologies, we can calculate the -
kinds Maintenance technologies for last ten years by substituting the total investment of the maintenance and the
road total income value into formula (5). The - is concluded in Figure 1.
-
2) The economic analysis of three kinds Maintenance technologies
The economy index of three Maintenance technologies according to formula (6), (7)
1=E 88.437 1=D 12.399
2 =E 92.363 2 =D 11.061
3=E 85.403 3=D 13.522
2122   Bowen Zhou et al. /  Procedia - Social and Behavioral Sciences  96 ( 2013 )  2115 – 2122 
Figure 7 illustrates there is a bit difference between the three maintenance technologies. Specifically, from 
2001 to 2004, t - -Surfacing is higher than others, when the micro-surfacing 
had a second investment. So, the conservation of a few years ago, all the three conservation technologies have a 
high economic, but the Micro-Surfacing have a greatest advantage for a long time. Then, the results by the 
formula (6), (7) obtained that 2 1 3C C C , Micro-surfacing has a better economy than others, so Micro-
surfacing can be considered in future conservation switch. 
5. Conclusion 
1) This paper based on the construction economy -
which takes into account the influence of residual value of the pavement and accumulation of the investment in 
maintenance. Then according to the time gradually increase, combined with the statistic theory builds a new 
- evaluation model to evaluate different maintenance techniques in the view of economics. 
2) Based on the existing data from the real project, this paper make a complete comparison of three 
- This paper finds the results are consistent 
with the previous research, which illustrate to some extent this method is universality and can be generally 
applied into other evaluating projects. 
3) The road economic data in this article is based upon the real data in the present maintenance project. It is the 
optimum choice under the hypotheses that the road economic data does not change according to the different 
maintenance project, which may be different from the real situation. Hence the feasibility needs to be further 
verified. 
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